The knowledge on the mechanisms of population connectivity through larval stages and its implications across time and spatial scales is crucial to assess possible biological outcomes of marine protected areas (MPA) network designs. We re-analyzed available data on meroplankton distribution in the Rapa Nui ecoregion around Easter Island (27°S , 109°22′ W) and Salas y Gómez Island (26°28′S, 105°21′W) together with in situ and satellite physical and biological information to evaluate its implications for mechanisms of populations connectivity. The geostrophic flow near the coast of Easter Island included vertical and horizontal shears which, combined with vertical migration behavior of the larvae, would promote larval retention. Larval duration in the plankton and a possible effect of connection through seamounts between islands could cause the distribution pattern of ichthyoplankton endemic species between both islands. Finally, we studied the role of sub-mesoscale structures (<10 km) in the distribution of chlorophyll and meroplankton using the finite size Lyapunov exponent (FSLE). Lagrangian coherent structures which are identified as ridges of FSLE were related to higher in situ depth integrated chlorophyll, higher insular and oceanic ichthyoplankton abundances, and explained differences in the ichthyoplankton community structure around Salas y Gómez island.
I N T R O D U C T I O N
Connectivity is the interchange of individuals among geographically separated populations that form a metapopulation and it is an important process for marine population and metapopulation dynamics (Cowen et al., 2000) . Oceanic islands and submarine mounts are known for the concentration of biomass and species richness in comparison with surrounding oceanic waters, especially in oceanic gyres. Connectivity among islands might result from adult migrations (oceanic or highly migrating species, Clarke et al., 2010) or larval transport (benthic or insular pelagic species) and it is extremely relevant because it means that ecology, conservation and management of each site is related to and depends on the processes and decisions taken in other locations Christie et al., 2010) . Understanding population connectivity through larval stages in particular is one of the most important purposes in ecology, evolution and conservation (Steneck, 2006) as well as one of the most difficult to approach (Levin, 2006) . Isolated oceanic islands are an excellent opportunity to study connectivity and dispersal in marine organisms (Swearer et al., 2002) . Because endemic species have restricted geographic ranges, it is assumed that they have limited dispersal ability (Wellington and Victor, 1989; Lester et al., 2007; Tenggardjaja et al., 2016) .
One of the means to evaluate connectivity between islands is to evaluate potential transport/retention mechanisms through the analysis of larval distribution together with other physical and biological oceanographic variables (oceanographic currents, meso and sub-mesoscale processes, chlorophyll distribution; Aristegui et al., 1997; Moyano and Hernández-León, 2009; Christie et al., 2010; Brochier et al., 2011) . Physical structures such as mesoscale eddies and fronts influence the spatial and the temporal distribution of ichthyoplankton in the ocean (Okazaki et al., 2002; Richardson et al., 2010) and particularly, topographically controlled oceanographic features can concentrate zooplankton adjacent to shore (Wolanski and Hamner, 1988; Wolanski et al., 1989; Willis and Oliver, 1990) . Island topography frequently constitutes an obstacle to the mean incident flow, inducing turbulence such as eddies and wakes downstream that prevent larval pools being washed away. Doty and Oguri (1956) proposed the term "island mass effect" to designate the enhancement of productivity and zooplankton biomass due to the flow perturbations in the Hawaiian archipelago. The complex eddy flow dynamics associated with the islands has also been studied as a wake effect (Barkley, 1972) . The interaction of larval behavior with circulation patterns has been linked to larval transport in the shelf and open-ocean systems (Kelly et al., 1982; Cowen et al., 1993) . Vertical migration behavior and changes of behavior during the course of larval development have been related to particular physical processes, resulting in conceptual mechanisms that explain dispersal and recruitment (Queiroga and Blanton, 2004) . The degree to which circulation retains planktonic larvae around islands may determine the local abundance of benthic and neritic biota and also affect the large-scale distribution patterns and the genetic structure of local populations (Farmer and Berg, 1989; Moyano and Hernández-León, 2009 ) and it is the most isolated point of land on Earth (Yáñez-Arancibia, 1974; CONAF, s.f.; Boyko, 2003) . It is located 4130 km westward from mainland Chile. The closest land to the west of the island is the 2415 km distant Ducie Island atoll (Abbott and Santelices, 1985) . The closest land to the east is the small Salas y Gómez Island (26°28′S, 105°21′W), 415 km away (Boyko, 2003) with a surface area of 0.15 km 2 (Vilina and Gazitua, 1999) . On Easter Island, the coastal marine protected area "Parques Submarinos Coral Nui Nui, Motu Tautara and Hanga Oteo" was created in 1999 (Sierralta et al., 2011) and surrounding Salas y Gómez Island, the 150 000 km 2 no-take Motu Motiro Hiva Marine Park has recently being declared (Friedlander et al., 2013) . Easter Island and Salas y Gomez Island form part of a chain of submarine mounts (González-Ferrán, 1987 ) that extends along 2900 km from Easter Island until joining the Nazca ridge and it is mainly formed by large submarine mounts that reach over 3000 m from the sea floor (Rodrigo et al., 2014) .
Easter Island is located in the anticyclonic gyre of Southern Pacific in oceanic warm waters separated from the cold waters of the coastal Humboldt current system (Reid, 1997; Moraga et al., 1999) . The geostrophic flows are directed Northeastwards at distances greater than 15 km from the island, in the limit of the Subtropical counter current (Moraga et al., 2010) . Nevertheless, recurrent mesoscale eddies traveling northwestward are observed near the area (Chaigneau and Pizarro, 2005) , these eddies produce high-surface current variability with periods of high velocities in opposite direction. The coastal circulation around Easter Island is affected by the island topography and by the wind system, with the possibility of hourly and daily variations (Argandoña and Moraga, 2000) . In the spring, wakes of high chlorophyll-a concentration can be observed over Easter Island, associated with the generation and detachment of sub-mesoscale eddies (Andrade et al., 2014) .
Some authors have hypothesized that the geographic distance between seamounts, and topographic and hydrographic conditions associated with seamounts, contributes to faunal isolation and the accumulation of highly endemic taxa (Rogers, 1994; McClain, 2007) . The theoretical framework is that isolation would occur by larval retention, thus preventing larvae from leaving a seamount (Mullineaux, 1994; Lavelle and Mohn, 2010) , isolating populations and species (Brewin et al., 2009) , creating new species and enlarged endemism (McClain et al., 2009) . The marine fauna from Easter Island seems to be a particular example of high endemism (Rehder, 1980; Randall and Cea-Egaña, 1984) , constituting of an area of endemism at family, generic and specific levels for decapod crustaceans (Retamal and Moyano, 2010) . The endemism found is the second highest found in submarine mountains after the Desventuradas islands in Chile (Friedlander et al., 2016) , surpasses the ones of ecosystems associated with hydrothermal vents (Richer de Forges et al., 2000) and has been explained due to the distance that separates Easter Island from other areas of shallow water habitats (Friedlander et al., 2013) . In addition to that when studying surface currents in the Pacific Ocean, Martinez et al. (2009) have demonstrated that particles accumulate in the eastern-center region of the South Pacific subtropical gyre; when particles reached the eastern-center region of the South Pacific subtropical gyre, they could not escape. This circulation pattern would contribute to species isolation, in particular those species that have neustonic eggs and/or larva.
The Rapa Nui ecoregion has been poorly studied because of its isolation, so there is relatively little data published regarding meroplankton composition and distribution Landaeta et al. 2002 Landaeta et al. , 2003 Rivera and Mujica, 2004; Landaeta et al., 2005; Acuña and Cabrera, 2007; Mujica, 2006; Donoso et al., 2009) . Different taxonomic groups have been explored separately and no correlation with physical information has been conducted so far. Castro and Landaeta (2002) found fish eggs and insular and oceanic fish larvae concentrated mainly around the islands. The same was described by Acuña and Cabrera (2007) for myctophids, and Donoso et al. (2009) confirmed the existence of a yellowfin tuna spawning area in the South-eastern Pacific Ocean. Finally, larvae of decapod crustaceans, cladocerans ostracods and euphausiids were most abundant off the NE coast of the island (Mujica, 2006) .
In this contribution, we re-analyze the meroplankton data (ichthyoplankton pooled together and crustacean larvae) and combine them with oceanographic currents and chlorophyll (in situ and satellite data). The objective was to explain general patterns of meroplankton distribution in the Rapa Nui ecoregion and relate them with the oceanographic currents and chlorophyll distribution in the area. We also included analysis of sub-mesoscale structures to help unravel the chlorophyll and plankton distribution patterns. The hypothesis was that sub-mesoscale structures may act by concentrating chlorophyll and larvae in the open ocean, and that geostrophic currents would also have an effect on larval distribution patterns. Finally, we related larval distribution to larval connectivity between Easter Island and Salas y Gomez island.
M E T H O D Sampling and data gathering
The biological database available on meroplanktonic larvae (ichthyoplankton and crustacean larvae) abundance and species composition is from CIMAR 5 Cruise conducted in 1999 (oceanographic cruises from the National Oceanographic Committee from Chile). The database was downloaded from CIMAR website (http://www. shoa.cl/n_cendhoc/productos/cimar-5/), and it consisted of a list of species of ichthyoplankton and crustacean larvae abundance found at each of the 50 sampled stations. The sampling consisted of stations around Easter Island, around Salas y Gomez Island and stations on a transect between both islands (Fig. 1 ). In the stations around Easter Island, the sampling was conducted with a Bongo net (0.6 m diameter and 350 μm size), oblique tows were conducted down to 200 m depth. On the transect, the sampling was performed down to 500 m maximum depth .
The satellite chlorophyll-a data were obtained from SeaWiFS (http://coastwatch.pfeg.noaa.gov/erddap/index. html), data were a monthly composite of gridded data (0.1 × 0.1). We also present the in situ depth integrated (down to 100 m) chlorophyll-a concentration (downloaded from CIMAR website).
Description of the area
With the objective of characterizing the currents and sea level in the Rapa Nui ecoregion in November 1999, the daily values of absolute geostrophic velocities (1st-30th) and absolute dynamic topography were averaged. Data were obtained from satellite altimetry. The altimeter products were produced by Ssalto/Duacs and distributed by Aviso, with support from Cnes (http://www. aviso.altimetry.fr/duacs/).
The information corresponds to gridded data with a spatial resolution of 0.25°× 0.25°. In addition to this, the geostrophic velocity around Easter Island was calculated from in situ hydrographic data. Pressure, temperature and conductivity measurements were performed between 1 and 5 November 1999, with a CTD (SeaBird 19, the data were downloaded from CIMAR website). Each of the two hydrographic transects was composed of 10 oceanographic stations that were distributed with a SW-NE (Stations 58-45) and SE-NW orientation (Stations 38-51, Fig. 5b ), and were 90 km long. Since the objective was to estimate the geostrophic flow very close to the coast, the Reid and Mantyla (1976) method was used. This method consists in extrapolating the geopotential anomalies at a reference level (in this case 900 m) from the deeper stations to the shallower ones (coast).
The role of sub-mesoscale structures in the distribution of meroplankton was studied using the finite size Lyapunov exponent (FSLE, Artale et al., 1997; Aurell et al., 1997) , which is particularly appropriate to analyze transport (D'ovidio et al., 2004; Tew Kai et al., 2009) . This product provides the exponential rate of separation of particle trajectories initialized nearby and advected by altimetry velocities (i.e. geostrophic velocities). Lagrangian coherent structures (LCSs) (e.g. transport barriers, filament structures or vortex boundaries) are identified as ridges (locations containing the maximum values) of Lyapunov exponent fields. FSLE was studied for the study area during the date of the cruise. The FSLE product was produced by Ssalto/Duacs in collaboration with CLS, LOcean and CTOH and distributed by Aviso, with support from Cnes (http://www.aviso.altimetry.fr/). 
Data analysis
As mentioned above, these biological data were independently analyzed for different meroplankton groups; in this contribution, we re-analyzed all the ichthyoplankton data pooled together, and crustacean larvae. Spatial variation of the ichthyoplankton and crustacean larvae assemblages between Easter Island and Salas y Gomez was assessed separately through non-metric multidimensional scaling (n-MDS) (Kruskal and Wish, 1978) , using the abundance data of all the samples collected during CIMAR Cruise 1999, the similarity index was BrayCurtis. The n-MDS was performed using PRIMER v6 (Anderson and Gorley, 2008) . Further, NMDS analysis was also conducted on fractions of the ichthyoplankton community corresponding to species of oceanic or insular origin. The multivariate structure of the community was evaluated with permutational multivariate analysis of variance (PERMANOVA; Anderson, 2001; McArdle and Anderson, 2001 ) with square root transformed density data and using the Bray-Curtis similarity index (Bray and Curtis, 1957) . In total, 9999 non-restricted permutations were used in all tests. Biological features of the species were reviewed and presented in a table (endemic or not, adult habitat, adult distribution), the ichthyoplankton larval distribution was related with the bathymetric distribution of the adults to explain the possible connectivity between the islands. Regarding the endemic larvae distribution between both islands, we related it with the bathymetric distribution of the adults to explain the possible connectivity between the islands.
The Mann-Whitney non-parametric test was used to compare the concentration of in situ chlorophyll between zones.
Generalized additive models (GAM, Hastie and Tibshirani, 1990) were applied as tools to identify relationships between environmental variables (depth integrated in situ chlorophyll, satellite chlorophyll and FSLE value) and larval abundances.
R E S U L T S Community structure
Salas y Gomez coastal stations presented the same species as the oceanic stations, while the Easter Island coastal stations presented differences in the ichthyoplankton composition and abundances with the oceanic stations and Salas y Gomez (Fig. 2a , pseudo-F = 2.48, P < 0.001).
Coastal stations from Easter Island presented insular species that differentiated the community from the oceanic stations and coastal Salas y Gomez (Fig. 2c , pseudo-F = 2.96; P < 0.001). In Easter Island, the insular ichthyoplankton included three endemic species, Crystallodytes paucirradiatus, Engyprosopon regani and Synchiropus randalli (Supplementary Table I) ; three insular species originated in Nazca and four species were of Polynesian origin (Supplementary Table I ). The Stations 55 and 59 from Easter Island that were grouped with oceanic stations (Fig. 1c) , in terms of insular ichthyoplankton, presented Anthiinae, Chromis randalli and Amblycirrhitus wilhelmi larvae (Supplementary Table I) . Stations 67 and 71 in the southeast of Salas y Gómez (Fig. 2c) were characterized by insular larvae, presented high abundance of Gobiid spp and Bleniid spp. larvae.
It was also possible to observe that in Salas y Gomez stations from NW (Stations 75, 76, 80 and 79) were separated from stations SE from the island (67, 68, 71 and 72 Fig. 2a ), this spatial separation was mainly due to differences in the insular ichthyoplankton abundance and composition (Fig. 2c) ; for example, higher abundances of Gobiid spp and Bleniid spp were observed at the SE stations.
When the analysis was restricted to oceanic larvae only (Fig. 2b) , it was more difficult to differentiate between regions. Coastal Stations 47 N, 48, 49 and 52D from Easter Island were grouped between oceanic stations ( Fig. 2b) . The common factor for these stations was the low number of oceanic species they presented (less than three species), and the presence of Cyclothone signata or Cyclothone acclinidens, and the coincidence of Evermanella indica (Stations 47 N and 49). In addition to this, Station 52D presented C. acclinidens larvae and high abundance of T. albacares larvae.
The spatial structure of crustacean larvae showed a differentiation between oceanic stations and coastal stations from Easter Island (Fig. 3 , pseudo-F = 3.05, P = 0.001). This separation was based on the presence of only Euphausiid and Sergestiid larvae at oceanic stations and Salas y Gómez, without decapod larvae in this area, decapod larvae were observed in the coastal stations around Easter Island.
Environmental characteristics and their connection to plankton distribution
The satellite chlorophyll-a distribution showed that south of Easter Island (27°S, 109°W) there was a maximum of chlorophyll in November 1999 (Fig. 4) , this maximum was downstream along the geostrophic flow (Fig. 5a ). The in situ depth integrated chlorophyll showed higher values SE of Easter Island (mean value 6.12 mg m , Fig. 6a and e, z = 2.16, P = 0.03), in this area the abundance of insular larvae was also the highest .
The mean geostrophic current during November showed a cyclonic eddy around Easter Island, with higher velocities oriented southwestwards in the eastern zone of the island (Fig. 5a ). In the SE area from Easter Island, the high abundance of larvae and high concentrations of in situ depth integrated chlorophyll could be related to the convergence observed in the geostrophic flow (Fig. 5a) .
The geostrophic flow near the coast of Easter Island showed vertical shear with flow in the opposite direction at depth (at Station 42, it is possible to observe that there is a change in sign of the direction of the geostrophic current below 210 m depth, Stations 54-55, Fig. 5b ) as well as lateral shear near the coast (between Stations 41-42, 53-55 and 48-49). Coincident with this lateral shear in the geostrophic flow, a secondary maximum of in situ depth integrated chlorophyll was measured (Station 49 NW of the island and 58°SW, Fig. 6c ) and also fish egg abundance maximum (Station 49, Castro and Landaeta, 2002) and insular ichthyoplankton (Station 58, Castro and Landaeta, 2002) .
Sub-mesoscale structures were observed during the sampling period around Easter Island (Fig. 6a) , on the transect between islands (Fig. 6b ) and around Salas y Gomez island (Fig. 6c) . Higher FSLE values were observed in the NW and SE area of Easter Island, in the transect between islands and in the SE stations from Salas y Gómez Island.
In addition to this, the ichthyoplankton community structure spatial differences around Salas y Gómez corresponded with the spatial structure of the FSLE, in the SE area where the FSLE was higher, there were higher abundances of bleniid and gobiid larvae while in the W-NW stations were the FSLE was lower there were larvae of Thunnus albacares and Scombridae larvae. The ichthyoplankton insular abundance was positively explained by total depth integrated chlorophyll (Wald statistic = 8.76, P-value = 0.003), satellite chlorophyll (Wald statistic = 10.23, P-value < 0.05) and FSLE value (Wald statistic = 7.54, P-value = 0.006). The abundance of oceanic ichthyoplankton was explained by sub-mesoscale structures (FSLE value, Wald statistic = 6.51, P-value = 0.01). Finally, total decapod larval abundance was positively explained by depth integrated chlorophyll (Wald statistic = 5.53, P-value = 0.002), satellite chlorophyll (Wald statistic = 13.2, P-value < 0.01) and sub-mesoscale structures (FSLE value, Wald statistic = 5.7, P-value = 0.01).
D I S C U S S I O N Ichthyoplankton community
The difference in the structure of the ichthyoplankton community of Salas y Gómez from the ichthyoplankton of Easter Island was mainly explained because stations around Easter Island were dominated by species of insular origin, with the higher densities for the gobiid Pascua caudilinea, while in Salas y Gómez, the dominants were the oceanic larvae . Gobiidae dominate the high islands of the tropical Pacific (Ryan, 1991) . Similar larval distribution has been reported for reef fish larvae adjacent to adult habitats in Kaneohe Bay, Hawaii, by Kobayashi (1987) who found that larvae of two gobiids were significantly more abundant at stations immediately adjacent to reefs (near-reef) than at stations in open water off the reef.
However, more complex mechanisms are operating in the determination of assemblage location than simple distance to shore, Boehlert et al. (1992) found high concentrations of gobiid larvae nearshore of Johnston Atoll in the Pacific Ocean in the vicinity of an onshore flow. Also, onshore flow (at depth of maximum larval concentration) was observed along the coast of Barbados (Cowen and Castro, 1994) .
Larval Cyclothone can be found near islands around the world (Lopez-Sanz et al., 2009; Oliver et al., 2014) , the oceanic species that were determinant in separating the stations from Salas y Gomez from the Easter island were Cyclothone acclinidens and C. signata that are characteristic of the bathypelagic and mesopelagic zones (Dewitt, 1972) .
Endemic larvae distribution
No diagnostic life history traits related to endemism have been identified (Lester and Ruttenberg, 2005) . We hypothesized that endemic species larvae distribution between both islands was related to a combination of larval development length in the plankton and the bathymetric distribution of the adults that would allow a connection through seamounts. The endemic species of ichthyoplankton that were present in both Easter Island and Salas y Gomez (separated by a distance of 415 km) are from bathydemersal habitats (Supplementary  Table I ). However, the endemic species that were present only in Easter Island were both insular demersal (depth range 12-21 m depth Randall and Cea Egaña, 2011) and with short planktonic duration. For example, both Synchiropus randalli and Engyprosopon regani are from fish families with a short larval duration (Johnson, 1973; Macpherson and Raventos, 2006) . On the other hand, the larvae of endemic shallow water species that were present in both Easter Island and Salas y Gomez Island 

correspond to families that typically have long plankton duration (i.e Chromis chromis mean larval duration 425 days, Macpherson and Raventos, 2006) . Larval duration in the plankton (PLD) and possibly an effect of connection through seamounts between the islands could be causing this pattern. Bathydemersal species (200-480 m) would connect through seamounts, however, shallow habitat species may not be able to connect through seamounts. Communities from submarine mounts have been proposed as a source of larvae for other habitats that are not submarine mounts (McClain et al., 2010) , and the stepping stone model may be appropriate for many deep-sea populations, and linear arrays of seamounts (Samadi et al., 2006) . At present, Salas y Gómez is part of the Marine Park Motu Motiro Hiva (Friedlander et al., 2013) . However, the inclusion of the seamounts in the marine protected areas (MPA) may be determinant for larval connectivity between islands and conservation of species. One of the factors identified in relation to effectiveness of MPA is that they are interconnected (Krueck et al., 2017) , hence the inclusion of submarine seamounts as a network of MPA may be determinant for this interconnection.
Environmental characteristics explaining larval distribution
The vertical change in current direction combined with vertical migration behavior of larvae will promote larval retention (Kelly et al., 1982; Cowen et al., 1993) in the coastal zone of Easter Island. This hydrodynamic pattern promoting larval retention is consistent with the high abundance of decapod larvae reported by Mujica (2006) and ichthyoplankton and ichthyoplankton insular species reported for the south coast off Easter Island Landaeta et al., 2003) . Since many larvae are capable of vertical migration, this change in direction would help retain larvae in the coastal area of Easter Island. It has been demonstrated that deep vertical distributions and downward vertical migrations potentially favor retention and settlement of pelagic coral reef fish larvae in the Straits of Florida (Huebert et al., 2011) . Results from modeling show that vertical migration consistently increased settlement success for various larvae in the Caribbean (Paris et al., 2007) and the California Current System (Drake et al., 2013) .
For the oceanic ichthyoplankton taxa, the highest number of species occurred at the north-east side of Easter Island , where we found that in this area the geostrophic current had both vertical (station 42) and horizontal shears which may play a role in larval retention. The geostrophic currents for the averaged 0-200 m depth showed lateral shears in the North and Northeast of Easter island (Fig. 5) . Coincidently with these sheared flows, there were secondary maximums of the satellite chlorophyll and maximums of in situ depth integrated chlorophyll (Figs 4 and 5) , and associated to these there were higher abundances of myctophid larvae (Stations 48-49, Acuña and Cabrera, 2007) , decapod larvae abundance and total zooplankton biomass (von Dassow and Collado, 2014) .
The results also showed a spatial correspondence of higher FSLE values that represent attracting neighboring trajectories, with in situ depth integrated chlorophyll values in the oceanic zone around both islands and insular larvae abundances, specially observed in the SE of Easter Island. Ichthyoplankton insular abundances and decapod larvae abundances were explained by chlorophyll and FSLE values. Thus, neighboring trajectories concentrate phytoplankton and insular ichthyoplankton as well as decapod larvae specially around Easter Island where insular ichthyoplankton and decapod larvae (Mujica, 2006) were more abundant. Eddies are determinant for the triad "enhancement-concentration-retention" identified by Bakun (Bakun, 1996 (Bakun, , 2006 . The cyclic circulation in vortices also produces retention of larvae and other planktonic organisms in their core, whereas concentration occurs in the convergence zones located at the boundary between them, which are detected by FSLEs. Structures detected using FSLEs are dynamic and may induce vertical mixing favorable to phytoplankton enhancement (Martin, 2003; Lehahn et al., 2007) and their patchy distribution, this may explain the correlation with depth integrated chlorophyll found. In addition to this, the ichthyoplankton community structure spatial differences around Salas y Gómez corresponded with the spatial structure of the FSLE, the insular Bleniids spp. and Gobiid spp. seem to be retained near Salas y Gómez in the SE area off the island, where FSLE was higher.
A mesoscale eddy around Easter Island was observed for the period of study of this work. Mesoscale eddies that produce large surface current variability with periods of high velocities in opposite direction have been described by Andrade et al. (2014) around Easter Island. Results from Donoso et al. (2009) reported that the east area of Easter Island was the location that had the highest abundances of tuna and other scombroid larvae during the November 1999 CIMAR Cruise, confirming the existence of a yellowfin tuna spawning area in the South Eastern Pacific Ocean. In addition to that, Vega et al. (2009) suggested that this area is a reproductive area for the swordfish Xiphias gladius. It could be surprising that such an oligotrophic place as the Easter Island can be a spawning area for these species. However, in the North Atlantic Ocean, the bluefin tuna is known to spawn in the oligotrophic Mediterranean Sea. García et al. (2005) state that the spawning activity of bluefin tuna and associated species seems to be concentrated in areas of poor primary productivity such as the Balearic Islands and near island groups off Sicily and around Malta. They suggest that a common characteristic of these spawning areas appears to be the interaction of strong currents with the obstructions represented by the islands to generate strong lateral frictional torques that can support the formation of mesoscale eddies and convergent fronts (García et al., 2005) .
C O N C L U S I O N S
The re-analysis of the biological data and the integration with depth integrated chlorophyll as well as geostrophic currents and sub-mesoscale structures allowed us to explain the distribution pattern of larval abundances. The in situ depth integrated chlorophyll showed higher values in the SE from Easter Island compared to the other stations around the island (z = 2.16, P = 0.03).
In Easter Island, the geostrophic flow near the coast presented both vertical and horizontal shears.
The vertical change in current direction combined with vertical migration behavior of the larvae would promote larval retention in the coastal zone. These results confirm the structure of two layers that would promote larval retention in the southern area of the island which is reflected in the higher abundances of decapod larvae reported by Mujica (2006) and the highest number of ichthyoplankton and ichthyoplankton island species reported for the south coast off Easter Island Landaeta et al., 2003) .
Regarding endemic ichthyoplankton, we propose that a combination of PLD and a possible effect of connection through seamounts between the islands could be causing the distribution pattern observed. Bathydemersal species (200-480 m) would connect through seamounts. However, shallow habitat species may not be able to connect through seamounts. Two characteristics of the endemic species that were present only in Easter island (Synchiropus randalli and Engyprosopon regani) are that they were both insular demersal (depth range 12-21 m depth) and had short planktonic duration. On the other hand, the larvae of endemic shallow water species that were present in both Easter island and Salas y Gomez island correspond to families that typically have long plankton duration.
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